INTRODUCTION
In Europe hybrid maize breeding started in the 1950s (REIF et al., 2005) . In that time the introduced U.S. maize public inbred lines were mutually crossed to produce first hybrids. Simultaneously the production of domestic inbred lines from previously grown open pollinated varieties (OPV) of maize was started (MESSMER et al., 1992; REIF et al., 2005; DRINIĆ et al., 2006; BAUER et al., 2007) . Development of OPVs in Croatia and in other countries of the ex Yugoslavia was performed at the end of 19 th and the beginning of 20 th century when first introductions of U.S. Corn Belt (primarily dent) varieties occurred. Those OPVs were created either by selection among the introduced U.S. varieties or by crossing of US dents with the existing flints, which were introduced after the colonization of America and selected by farmers on the basis of their earliness, yield etc. (HADI, 2005; DRINIĆ et al., 2006) .
The Bc Institute has been involved in hybrid maize breeding from 1947 and today it is the leading Croatian maize breeding company. The first domestic inbred lines of the Bc Institute were created using the OPV's. Inbred line Bc3 was developed from the OPV Maksimir Early Dent. It served as a part of the male component of the first registered maize hybrid in the former Yugoslavia, double cross Bc590, released by the Bc Institute in 1962. The most important inbred line developed from Belje Yellow Dent was the inbred Bc14 (PARLOV, 1989) , which left, together with its derivatives, an indelible mark within the Bc Institute's maize breeding program until today.
The same pattern of crossing high yielding US dent lines to adapted European lines was also performed at the beginning of hybrid maize breeding in other countries of Central Europe (SCHNELL, 1992 according to REIF et al., 2005) . The expansion of genetic diversity in the Bc Institute maize breeding program in the 1970s was possible because of the use of U.S. public lines A619, A632, B73 and Mo17, which together with U.S. inbreds introduced earlier, were used as parents in single cross hybrids from this decade. During the next three decades new inbred lines introduced to the maize breeding program of the Bc Institute were mostly developed through recycling or second-cycle breeding among the available U.S. public lines, among lines from domestic OPV's, and, through extracting inbred lines through self-pollination of hybrids from foreign companies. Since the aim of every modern maize breeding program is the development of compatible inbred lines, which effectively exploit the heterotic effect, it is of crucial interest to maize breeder to be acquainted with the genetic background of his breeding materials. At the same time many authors pointed out a possible genetic erosion of the used elite breeding material since the best lines within heterotic groups were shared as parents of different commercial hybrids (LU and BERNARDO, 1991; REIF et al., 2005) .
The value of simple sequence repeat (SSR) markers for estimation of genetic diversity among maize inbred lines was determined earlier (PEJIĆ et al., 1998) , and the first study of genetic diversity of the Bc Institute's inbred lines using the SSR markers was conducted by BUHINIČEK et al. (2004) . In a later study GUNJAČA et al. (2008) analysed Bc and public maize inbred lines using SSR markers and morphological characters used in DUS testing in order to explore the potential of SSR markers for distinctness tests, and found the superiority of SSRs over morphological markers in terms of their better consistency with the pedigree and their relatively higher discriminative power. ŠARČEVIĆ et al. (2008) based on SSR data reported similar mean genetic distances of nine domestic inbred lines (including three Bc lines) to both BSSS and Lancaster Sure Crop lines.
The objective of the present study was to assess genetic diversity among inbred lines used at the Bc Institute as parents in hybrids released during four decades (1970s, 1980s, 1990s and 2000s ) using 28 microsatellite (SSR) markers, in order to check supposed genetic erosion as a consequence of second-cycle breeding.
MATERIALS AND METHODS
The selected set of 40 inbred lines for this study represents the most important lines used as parents in commercial hybrids released by the Bc Institute over the last four decades. It comprised 11 public lines and 29 lines created within the Bc Institute breeding program (Table  1) . The later 29 lines were developed by recycling breeding of the public lines, from domestic germplasm (open-pollinated variety Belje Yellow Dent), or from commercial hybrids. The selected inbreds were for the purpose of the present study grouped into four decades (1970s, 1980s, 1990s and 2000s) according to the year of release of the first hybrid in which particular inbred line contributed as a parent. The number of inbred lines per decade varied between eight and eleven (Table 1) . Leaf tissue of 25 days old plants was harvested, freeze dried, and ground into fine powder. The DNA was extracted using a CTAB procedure (DOYLE and DOYLE, 1990) . The 40 inbred lines were genotyped at 28 SSR loci, which were chosen from the MaizeDB database (http://nucleus.agron.missouri.edu/cgibin/ssr_bin.pl) based on repeat unit size and bin location to provide a uniform coverage of the entire maize genome. PCR reactions were performed in a 25 ml final volumes containing 20 ng of template DNA, 0.2 mM of each forward and reverse primers, 200 mM of each dNTP, 2.5 mM MgCl2, 10 mM Tris-HCL, 50 mM KCl, and 1 U Taq polymerase (Sigma). Reactions were run on a PTC-100 Thermal Cycler (MJ Research, Watertown, USA) using the amplification conditions of 95 °C for 2 min, followed by 40 cycles of 92 °C for 1min, 52 °C for 1 min, and 72 °C for 2 min, followed by extension at 72 °C for 10 min. Reaction products were separated by electrophoresis on EL-400 Precast SpreadexTM gels in 30mM TAE buffer using SEA 2000chambers (Elchrom Scientific) at 55 °C and 92 V. Gels were stained by SYBR®Gold (Molecular Probes) and photographed using Polaroid1 film type 667. 
Table1a 1.Assignment of 40 analyzed inbred lines into the decades (periods) when they contributed as

Statistical analyses
Bands detected by each primer pair were interpreted as alleles at a genetic locus. The number of alleles (n A ) as well as the number of rare (n RA ) and private (n PA ) alleles was determined for the entire set of 40 inbreds as well as for each of the four groups of inbreds representing different decades (periods). To obtain comparable allele numbers per locus between groups with different sample sizes we calculated allelic richness (Ar) by resampling method (repeated random sampling of the sample size of eight for decadal groups). In addition, the number of new alleles (n NA ) and the number of lost alleles disappearing from one period to the next (n LA ) were determined. An allele was considered to be rare if it was found in only one or two out of 40 inbreds (allele frequency equal to or lower than 0.05), whereas an allele was designated as private if it was found in only one inbred. Gene diversity (D) for each locus as well as across loci was estimated according to WEIR (1996, p. 151) . Fstat (GOUDET, 2002) was used to calculate n A , Ar and D, for each decade. Dice's genetic similarity (GS) as well genetic distance (GD=1-GS) were calculated among all pairs of inbreds (DICE, 1945) . UPGMA cluster analysis based on GS matrix was performed using statistical software NTSYS-pc 2.1 (ROHLF, 2000) .
RESULTS
The number of alleles per SSR locus (n A ) varied from 2 to 12, with an average of 4.39 for the whole set of lines ( Table 2 ). The average n A value for di-, tri-, tetra-and penta-nucleotide loci was 6.6, 2.7, 3.9 and 3, respectively. The total number of alleles was 123, while 30 (24%) and 18 (15%) alleles were recognized as rare (n RA ) and private (n PA ), respectively. The highest n A as well as the highest number of rare (n RA ) and private (n PA ) alleles was found at the locus phi126. Gene diversity (D) varied from 0.366 (phi087) to 0.847 (phi126) with an average of 0.619.
The average n A per SSR locus was 3.14, 3.43, 3.07 and 3.25 for lines from 1970s, 1980s, 1990s and 2000s, whereas the n PA for the same four decades was 8, 4, 0 and 6, respectively (Table 3) . The highest n A value (96), as well as the highest number of newly introduced alleles (n NA ) (25) was found in 1980s. The 1990s revealed the highest n LA value (19) and the lowest n RA value (4), while in the same decade not a single n PA was found. The lowest average n A per SSR locus (3.07) and the lowest allelic richness (Ar) (3.03) was also found in the 1990s what was not the case with D, which in the 1990s was at the same level as in the 1970s and 2000s. The highest values of all three diversity statistics were observed in the 1980s. For the entire data set (40 inbreds) the genetic distance (GD) ranged from 0.07 to 0.89 with an average of 0.63 (data not shown). Mean GD values among inbreds within decades decreased over time (from 0.64 in 1970s to 0.57 in 2000s), but the observed differences were not statistically significant according to a Kruskal-Wallis test (Figure 1) .
Clustering of inbred lines based on SSR data is shown on Figure 2 . Comparison with the pedigree information was not possible because complete pedigree for all lines was not available for this study. Nevertheless, relationship between all public lines is very well preserved, with closely related lines grouped together (A632 and A634, W64A and Wf9, A619 and Oh43). All inbred lines were clearly separated from each other and assigned to their respective cluster. Generally, UPGMA ordered inbred lines in three main groups. The first and the second group were each further separated in additional two sub-groups, making a total of five clusters. The first cluster is comprised of eight Bc inbred lines from the 1990s and 2000s familiar to a BSSS inbred line B37. The second cluster is comprised of eight Bc inbred lines from all studied decades, three BSSS lines (B73 and closely related A632 and A634), and a public line of more or less miscellaneous origin Oh51A. The third cluster grouped inbred line Bc14 developed from Belje Yellow Dent, its five derivatives (L43, L58, L29, L57, L14) and Bc line L24 to a Lancaster line Mo17. The fourth cluster grouped five Bc lines from the 1980s (out of which L55 originates from the Belje yellow dent similarly like Bc14) and one Bc line from the 2000s with a pair of closely related Reid Yellow Dent / Wilson Farm Reid lines Wf9 and W64AN. The fifth cluster joined three public inbred lines, W153R and, closely related A619 and Oh43, which are generally considered to belong to Lancaster heterotic group. DISCUSSION In the present study, the total number of SSR alleles among decades increased from the 1970s to 1980s, decreased from 1980s to 1990s and then slightly increased in the 2000s. In our study almost all lines were dents and changes in a number of alleles seems comparable to the study of REIF et al. (2005) who for dent inbreds observed an increase in number of alleles from 1950 to 1985 which they attributed to the augmented introgression of novel germplasm from the U.S. in the 1970s. From 1976 to 2000 same authors observed monotonical decrease in number of alleles (from 255 to 219) for the dent group of inbreds, while for the flint group of inbreds they found continuous decrease in number of alleles from 1950 to 2000.
The highest number of lost alleles as well as the lowest number of new alleles was in the present study found in the 1990s (19 and 9, respectively) , what could be explained by determined combinations of successful inbred lines which were more often used for hybrid production. REIF et al. (2005) found much higher number of lost alleles for flint compared to the dent lines in their study. The main reason of lost alleles for hybrids and dent group of inbreds authors attributed to the transition in types of hybrids (double cross to single cross hybrids). BAUER et al. (2007) The genetic distance (GD) for the entire data set in the present study ranged from 0.07 to 0.89 with an average of 0.63. Our results are comparable to the studies of LU and BERNARDO (2001) , REIF et al. (2005) and JAMBROVIĆ et al. (2008) since we used similar U.S. public lines or inbred lines developed from recycling of public inbred lines and their hybrids. REIF et al. (2005) observed a decrease of Rogers' distances among both hybrids and dent lines between the two last periods they studied (from 1986 to 2001). Such decrease was explained by increased use of certain individual lines as parental component of various hybrids by breeders in period from 1996 to 2001 or, that intensive selection and focusing on a small number of key parents for the development of new lines have caused a reduction in the diversity of the dent lines. Another important issue is the fact that in the starting phase of hybrid breeding in Central Europe a few prominent public lines dominated as hybrid parents (MESSMER et al., 1992 , according to REIF et al., 2005 . LOSA et al. (2011) in their study of genetic diversity among a set of 140 important Italian and U.S. public inbred lines determined the average GD of 0.278, what might be explained with the different marker type used in their study (AFLP). BAUER et al. (2007) found an increase of GD values from 0.017 to 0.266 in their study with important hybrids released by Maize Research Institute Zemun Polje in the period from 1966 to 2001. The increase of GD values as well as of the number of alleles and number of new alleles they explained with carefully chosen hybrid parental components of diverse germplasm during the last 40 years. LE CLERC et al. (1996) found slightly decreased allelic richness (from 2.39 to 2.26) and slightly decreased mean genetic distance between the lines of the decades 1 and 3 in their study. In combination with the results they found analysing the morphological traits LE CLERC et al. (1996) concluded that no significant changes in French maize diversity had occurred between 1984 -1993 and 1994 -2004 . FENG et al. (2006 found a tendency for increased divergence of the SSR profiles between the new non BSSS and new BSSS groups of inbreds over time as the Pioneer breeding program progressed from early to more recently bred single cross hybrids. According to these authors, that indicates that over time, pedigree breeding for increased hybrid yield and agronomic performance has been associated with an increase in the SSR diversity between the two (BSSS and non BSSS) heterotic groups.
Based on SSR data all inbred lines examined in the present study were clearly separated and assigned to their respective cluster. Relationship between the public lines was very well preserved, with closely related lines grouped together (A632 and A634, W64A and Wf9, A619 and Oh43). Besides the grouping of inbred lines to specific heterotic group (BSSS, LSC or miscellaneous), it was interesting to observe the grouping of inbred lines to a respective cluster having in mind the four studied decades when respective inbred line served as a parent in hybrid combination. Public lines examined in this study served at the Bc Institute as hybrid parents predominantly during the 1970s. The lines introduced as parents during the 1980s, 1990s and 2000s were dominantly inbred lines developed by the Bc Institute through available breeding methods, which largely included second-cycle breeding among the crosses of available public lines, selfing of foreign hybrids and through specific use of several inbred lines which origin traces back to domestic OPVs Belje Yellow Dent and Maksimir Early Dent. Inbred line Bc14 and its derivatives even today assure specific quality and distinctness of the Bc hybrids. From available literature (HADI, 2005) it can be concluded that Belje yellow dent originated to the Rumai Yellow Dent developed by Fleischmann from previously introduced but apparently unknown U.S. Corn Belt variety. Fleischmann himself in his two papers (FLEISCHMANN, 1913; FLEISCHMANN, 1942; according to HADI, 2005) gives conflicting statements about the variety which he used for development of Rumai Yellow Dent, but it seems that the two candidates were Early Golden Maize or Queen of Prairie. According to HADI (2005) all genetic sources which can be traced back to mother line Rumai 122 could be regarded as an independent European source of heterosis due to their different origin and excellent combining ability. This also is not in contradiction with the hypothesis that inbred lines developed from domesticated OPVs might be clustered to a certain heterotic group specific for the U.S. Corn Belt maize.
From the breeders point of view lines which dominantly served as parents during the 1990s and 2000s were clustered either with one of the main representatives of the BSSS heterotic pattern, B37, or with the main representative of the LSC, Mo17, what indicates the exploitation of a well-known heterotic pattern BSSS x LSC in the maize breeding program of the Bc Institute. In conclusion, the overall results indicate that recycled inbred lines within these pools maintained similar level of genetic diversity in spite of evident hybrids' improvement over past 40 years (PARLOV et al., 2005) . However, taking into account the observed decreasing trend in mean GD among inbreds over time, efforts aiming at diversification of parental materials used in future hybrid combinations might enhance opportunities for sustainable genetic gain.
